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Pursuant to p u r  offm’s quest ,  Iridillm is h&th submitting information 
mncrming its current and future spectrum capacity challenges. The data provided 
in the attached spectnitr~ m&&ng report provides compellit7g evidence of the 
press- need for the P d d  Comunkatictns CDmmissibn (“Fee" or 
‘*Commission’? to address the omdated Big LEO band plan gend ly  and to allocate 
immediatdy an additional six MH2 of sp- to meet Iridium‘s p w h g  
customer mds. In addition, the s-ptxtrwn mgineeri.ng report documents that 
Iridium could not provide ancillv terrestrial services (ATC) within its limited 5.15 
MHz of unpairsd spectrmi, but that ATC servicw wuld be quickly added to 
Iridium’s Gustomer offerings if the spwtmm avdlable for its Big LEO service i s  
increased 8s proposed. 

Specifically, the Indium Sp~ctnqn Report md prior a p ~ ; e  filings in this docket 
provide the follwing for the Commission’s wnsidemtion: 
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The CriiiCrrbNafrre of Iddimt’$ SeruirE Regmire$ Lm& of R&rbi€@ and 
Pedormrrpce Graatr than Orher Siwicm. In wntrast to other services, 1ridi~rt1’s 
customers must have the highest possibk levels of s t m i c e  reliability and 
performmcc. The typical liidiwn customer needs phone service in arcas or 
conditions under which traditional t d e ~ m ~ i c ~ t i o n a  sewices are not available or 
dependable, Red world examples are the US, military operating in critical 
conditions, workers or visitors in m o t e  parts of Alaska, and everything h m  rural 
mmmmities in the U.S. to kbal villages in Africa. A m m o n  theme is that none 
ofthese customers can affbrd to have congestion, blocked calls or service 
intemptions in using their Iridium mvices. 

I&hm Has EstaMhkdHIgk Rr&worh SIRAdw& fa Ensum #U Its Cwlamers 
iV~&AreBhg M& In effect, Iridium must des ip  and qmatfe its system to 
handle peak uses that are &XI regional kt nature. Its satellite system must be able 
to accmmodate intense uses for limited periods of time on a frequently regionally 
concentrated basis, This imposes challenges that become increasingly acute a$ 
Iridium’s customer base md customer minutes of use p w  over time. 

Iridium’s Big LEO SydeM 1 s  Fming Spectrrrrrr Shortage Challengesfor I ~ s  
C r M d  Ne& U S m .  The attached Spectrum Report documents that the Iridium 
system is already experiencing a signi5cant number of days per year where u5age is 
over 80% of capacity. This is siflficant because at the 80% plus mark, tht system 
begifis to axperience service interruptions md blocked calls, Indeed, the Spectrum 
Qmrt shows that Iridium pmjats that the 80% capacity level will be exceeded for 
over 300 days in ZOO3 h a variety of rc~ons, absent additional spectrum, The 
number of regia- experiencjn~ 80% capacity utilization on a given day will alm 
increase. 

Tlic Spem~m Bund P h s  hmhusdy S ~ h r n W d  b die Commkwi~n Uiuidd 
Rddmf I lb ium’s  Big LE#+!i@xmm Ckar&mp. h ik prior fihgs in this 
dwket, hidim proposed two alternative band plans to m e d y  c m t  spectrum 
imbalances in the Big LEO service and to ensure a mud and competitive 
hmework for Big LEO &ce providers in the future. The proposals call for 
assimmt of an additional 6 M)fi of sp&mm to Iridium for two reasons: (1 1 6 
IdHz is needed to Bccommodate w e n t  and anticipated Big LEO sewice needs; 
and, (2) the Iridium systern was originally designed for at least 3 10.5 MHz 
spectnrm allocatim, which means that Iridium rapidly and efficiently could utilize 
expatlded avahble spmtnun, 
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A ddWm ai Spectmm €$ RqMirdfir Ividiurn to Provide A TC Servicm. The 
attached Sp- Report also con- that Iridium cannot provide ATC within its 
existing 5.1 5 MHz spcctrwn allocation. Thm is no technicdly sound way to offer 
commcid tewestrial and satellite senices with the limited spectrum available 
while main- required wtem availability, Simply stated, hc€ium - m c  of 
only two Big LEO providers -would not be able to take advmtage of such 
spectrum flexibility, With dditirsnal spectrum, Iridium can promptly move forward 
to offer ATC, The hidim system is readily adaptable to exploit such flexible 
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Pursuant to Section 1.1206 ofthe FCC’s d e s ,  an on@ and one copy of this 
written presentation is k;nS filed with the Commission’s S e c r e w  for inclusion in 
IB Docket No, 01-185, Plmc do not hesitatte to contact me with any questions. 

Respectfully submitted, 

RichardE. Wiley 
Counsel to Iridium Satellite U C  
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Iridium Satellite LLC (kidiurn) 0 p 3 k s  a global, mobile satellite system offering 
paging, voice md data communications. Since acquiring the assets of bankrupt 
Iridium Llxl in December 2ooO and launching commercial eervice in March 
2001, Iridium has deve lpd  a successful business strategy that targets custmnm 
in rural and remote areas in the United States and globally. These general public 
and government customers have significant needs hat cannot be met by any other 
communications systems and require an extremely high level of sewice 
reliability. A3 3 result, hmmd for the Iridium $atelhk system is gmwhg rapidly 
with system growth on a global basis of over 350% and re$ional usage murth &s 

high ;is 25 fold experienced from 2001 to 2002. In the Western U,S./Alaska 
region, usage increased by 3WA from May 2001 - May 2002. In addition, ULS. 
Government usage of Iridium sewices has seen dramatic increases with 10 fold 
growth during the past two pas. Iridium mticipEltes this growth to accelerate BS 

concentrated regioaavnual programs continue to be introduced much dong h e  
$WE growth trends as it has experienced ia other areas of the world. 

This S p m  Report responds to the FCC’s q u e s t  for i n f o d o n  m Iridium’s 
s p m m  requirements. It supplements Iridium’s July 2002 petition for additimd 
spechum to be used for its mobile satellite m i c e  (hdSS). This report desribes 
Iridium‘s customers and their commmications reqUiremntS and then reviews 
syskm capabilities and system m g a .  Against this backpmd, the rem 
provides an analysis of Iridium’s spectrum mquirements for MSS and confirms 
Iridium‘s ability to ufiize rapidly additional spcctrurn to meet its MSS msmmers’ 
n d s .  It concludes with an analysis of spedtrurn use for ATC and an unequivocd 
dmmnstratinn that the Iridium TDMA network can be readily mdified to sup* 
ATC with the provision of additional spBckurn. 

The U.S, Department of Defense (DOD) subscribes to the Iridium system fw 
essential global mobile secure hadheld communications services. fidium 
network use by the DOD has experienced greater than 650% subscrkr p w t h  
over the past 24 months with the subscriber level rapidly approaching the 20,000 
base subscriber level in its recently extended contract. Its monthly &Ute usage 
h a s  grown by a factor of ten (over 1ooO%) in the past 24 months. b y  features of 
the Iridium handset (small, lightweight and mure) have made it ideal for DOD 
emergency operations when s p e d ,  mobility and secure contldvity are required. 
The regmns of interest to the DOD often need to be supported with little warning 
or preparation. During the last twelve months, s e v d  regional operations 
uccurred wiihin areas that also had extengive commercial usage. Thc combined 
usage levels on the Iridium system exceeded 74% of the system capacity during 
several of these events, While these operations w m  fortunatdy not dem&d, it 
is important to note that these levels o c c u d  within tbe first two years of 
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DODlcornmmial Iridium service and are likely to increase. While much of the 
DOD m€fic is supported by rhe DOb gateway, there are several critical 
operations supported using Itidium cut-through communications services. These 
handset-to-handset aerrices impact the in-theater capacity as well as the Iridium 
capacity in the United States since mmy of thew receiving handsets are located h 
command centers in rhe United State-s, 

In addition, Iridium is a c r i t i ~ a l  lhread in the communications tapeshy throughout 
Alaska, which has m y  remote areas and sparse kestrial connectivity. In  
Alaska, private aircraft, remote industrid applications, fisherman, and the general 
rural populace are increasingly relying upon Iridium for vital mmmunicBti~~ 
services. The service is dm ideally suited for U.S. industrial appliCatioris such as 
heavy construction, defenselmilitq, emergency sedces, Mthm, a g ,  
forestry, oil and gas and aviahn, 

Indium i s  also emerging BS a viable service to connect rural African mmmunities 
with their neighbors and the world, In nations such as An@& Nigerla, Guinea, 
md Sierra Leone, Iridium is experiencing a substantial growth in demand. 
Additionally, Iridium has recently commenced service in remote arms of Senegal, 
Australia and Israel, with planned expansion into Malaysia, P a p a  New Guinea, 
and Equatorial Guinea. Critical hlral services include health m, education, 
emergency comtnunicarions from small villages, public safety, mutine 
govemmntal and civic exchanges, industrial communications and monitoring, 
and m u f a c t u r h g .  These rural services place swims demands on system 
capacity, 

As depicted below, the FCC has allocated 33 MHz af spectrum in the 1.6 GHz 
and 2.4 GH2 bands to MSS. The Iridium satellite system cumntly opmks in 
5.15 MH2 of un@ spectrum in the 1.6 GHz band. Iridium uses 4,8 MH2 of 
spectrum for voice, data atld pagh3 traffic, The m a i n k g  0.35 MHz spctrum 
assigned to Iridium is  not usable for cammications traffic becmsc it is needed 
to protect against system self-interference md for overhead requhmnts 
[enabling seamless handoffs between satellites, satellite hams, timing md 
synchronization of the Iridium network]. 
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The system us* chwackristics of the Iridium nerwork vary greatly from a 
typical mobile environment. For example, users of the Iridium network are 
d u s t e d  ifi particular rtgbm frequently where no other klemmunications 
services m available, Iridium’s hffic is &o seasonal or event driven, I c d n p  to 
pcaks that QCCUI in s m d  geographic areas. As w result, the system capacity must 
accommodate peak loading in these specialied regions without a reduction in 
sewice reliability. This is driven by user r q u k e f i t s ’  not system design and is 
particularly critical given that the missions of many of the current Iridium usem’ 
(including emergency workers, mili#ary uset% search and rescue personnel, etc) 
are life critical and demfid highly reliable mobile communications. 

Iridium has also cxpericnoed increased use of its handset-to-handset service and 
has been r q u M  to d o t  a growing ammht of spectrum capcity to this service. 
Hmdsct-#o-handset service is rnade possible h e  to Iridium’s pmesshg-satdik 
technology ami unique “cuc-rhrou@’ Bernice, which allow Iridium to provide 
re#imul smicss indepndent of any existing local itlfrasiructuure (including locd 
PSTN sevioes or regional gateways), Each handgt-to=hmdset cd1 requires twice 
BS much spectrum as a call c ~ m d  via w regional gateway, This is because two 
satellite channels we required to complete the callbane for tihe hmdset-to- 
saeellite uplink and mother for the satellite-lo-kandset downlink In addition, the 
volume of handset-to-handset calls has b m  hcreasing, In partidm Iiidiium 
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cwttomers in m a l  and isolated environments where access to o b r  
telecomudcations infrasbwtm may not be available have been lnalring 
extensive use of this feature. 

The Iridium network has also k e n  experiencing gmkr datn usage, Iridium 
began maklng available data SEW~CES ifi addition 10 voice communications in June 
XHt1. Since that time, data service has been gmwing in popularity at a much 
more rapid rak thm demand for voice services. In fact, data communications 
grcrwth over the past two years has been consistently higher than voice gowth 
and crrmtly account for 30 percent of traffic on the s&llite system. D m  
communications s m i c a  strain system capacity much more than typical voice 
commlmicatims due to their packec-bmd nature, Analysis of Iridium’s network 
also reveals that subscribers who use data on average use 5 times mow d l  
minutes than do typical voice subscribers. The data use is typically clustmd 
m u d  particular times of day within a region. 

Iridium rnonitom both system perfomce  and usage to ensure high quality 
service. System parformame i s  b a c t e r d d  using call esmblishmt and call 
drop rata+ Call establishment rate refers to the n u m k  of successful calls 
established over the total n w n k r  of mobile call attempts. The call dmp r&e 
refers to the unintended disconnection of mobile calla during a pm-determined 
cd-holding period. The nominal call establishment me for Iridium is greater 
than 98% with a cdl drop rate of leas than 2% for a call h d d  time of three 
minutes. This nominal pfornmm is measured and monitored with 
unobstructed views of the satellite constellation. Global traff“lc data OP dl userg 
indicate that nomirlal ‘’rereal world” environment factors result in a typical call drop 
rate of 5% - 7%, The system call drop rate becomes pronounced whea the 
satellite traffic exceeds 80% system capacity utiii23tim with resulting dl drop 
rates of 25% or greater. This call drop rate can be redwed with additional 
5pwtrurn that eliminates system inefficiencies. 

Iridium’s call establishment m ~ e  is s i d l y  negatively affected when satellite 
traffic loading cxweds 80%. While the system is not able to track these f i led 
call attempts since they are never m r d e d  within the Iridium systemr this 
wnditim is substantiated from affEted users, Exacerbating these conditions, at 
80% system capacity utilization, it can be expected that the system will quickly 
reach maximum loading at which point no additional calls would be established. 

Iridium’s past and p~dictsd future system usage shows a med for additional 
spectrum to enam continued bigh quality service. To evaluate system usage, 
Miurn  compiled amal ca l l  traffic dab (by day) over the past two years for dl 
re:gions globally. This data WBS evaluatd to d e c t  an approprim ca l l  distribution 
represmhtive for the constellation, The resulting call dis~butim was then 
malyzed for the resulting level of capacity cumpared with the total reghal 
capacity provided by the system. Finally, Iridium compared sweral 
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represenrarivc regions with system loading data recorded by the global satellite 
system to v d f y  statistical accuracy md validate the tral3c profile assumprions. 

The global and regional teb1e.s below s d e  the epimdic usage experienced 
to date and project peak activity for 2003. Peak conditions currently vary by 
event and by day with a nominal peak duration of 15-30 minutes. These peak 
durations will expand as the n u m k  af subscribers and total system usage 
increase. As presented in Table 1,8096 or grearer peak utilization m c m d  in at 
least one region in 9 days in 200 1, bur in 200 days in 2002 with mare than 330 
days projected in 2003. 

I IC L L  I 
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This analysis demonstrates Iridium's need for the FCC to assign i t  additional 
spectrum Additional spxhurn is q u i r e d  to e n s w  high quality servim boih in 
the U S .  and globally as is demonstrated by the incrcasd congestion that Iridium 
is beginning ta experimx in ceertain regions of its network and due to the 
technicd system parameters of the Iridium mmtellation. Table 2 above 
demonstrates that the r q i o n d  congestion trends will continue to i n m a  in 200% 
without xcoe~ to additional spectrum, In a variety of regions, satellite loading is 
approaching 80% for a numkr of days, leading to the pair of adverse system 
problems detailed above: call dropping and r e d u d  call establishmmt. Even 
without ATC driving spbctrum demands even higher, the c m n t  Iridium w w t h  
trends demonstrate that additional spectrum must h p~awided to ensure that its 
critical customer n d  are dsficd in B semIe5s fashion. 

As these capacity conditions have become more pronounc& Gdiurn has had an 
aggmsdve effofi to maximize system capacity with the available spwctrurn. 
Satellite software modificatbm and gateway software enhancements have been 
completed and introdmd maximizing use of the available spctrum. 
E n h a n c e ~ h  have included p w e r  control refinements, satellite BCCCSS and 
handoff algorithm enhanmxnmts as well as the introduction of low bmdwidth 
messaging services. By this effort, Iridium h a 5  errhauskd its ability to maximize 
system capacity through software enhancements. Additional spectrum is required 
for Iridium to iw;reu further its system capacity. 

. 
' : 

' 

. .  . .  

Use of additional spectrum by the Iridium system requires approval from the 
FCC. Iridium's current constellation utilizes tbs exact & m e  spectrum bandwidth 
and frequency bands regardless of whether the satellite footprint covers l h ~  
United States or some other put  of the globe. This mems that my changes ID the 
spectrum used by the system would have to be implemented globally and thus 
approved by the FCC, Evcp if it were technically possible, Iridium m l d  not use 
additional spectrum to serve foreign countries without the approval of the United 
St&s, which licensed the satellhe system and is respnsibls for its coordiaarim 
globallyL 

. . .  . . .  . 

. .  
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8.0 Utilization of Addithul Spectrum 

Iridium could quickly utili& any additional sptrum assignment. The software 
modificarions nmessary to leverage additional bandwidth can be accomplished 
within weeks allowing critical needs of b t h  commercial and mil i tq  to be 
suppmted immediately. Since the Iridium network has bcm designed to support 
103 MHz of s p t m m ,  minor configuration chaages will allow the system to 
immediately support the additional spectrum. These changes incluk loading new 
frequency tables in the satellite constellation updating the terrestrial Iridium 
gateway databases and all~cation tables. These changes c51n be cornplea md 
tested allowing full use of the additional spectrum within w&. 

The sssigment of an additional 6 MHz of spmmm to Iridium will more thqq ~ . 
) f i - .  ,. :' double the traffic capacity on the Iridium system. The Iridium system was -..,t: ; . .: 

d e s i g d  ta utilize 10.5 h4Hz of spectrum. That amount of spectmm represents an 
effective and efficient use of spectrum by the Iridium satellite sysrern. Iridium's 
commmcemnt of service with less spectrum has resulted in specific system 
inefficiencies with respect to satellite frequency reuse, intra and inter-satellite 
handoffs, satellite beam handoffs, and userlsatellite access schemes, As systertl 
traffic exceeds 80% of capaity,  c d e r  to interferer ratios (q are impwted 
mom significantly, which in turn gives rise to additional system self-interference. 
The assignment of at least 10.5 MHz of spectrum to Iridium will help dimhate 
these system ineficiencies and increase system capacity to a hger ew 

,_ <,,<,;-.-. 
represented by c .>.,3, 
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light of the Cornmissinn's s t a d  intention of allowing ATC sewmes within the 
Big LEO band, hidium h a 6  initiatd a series of technicid evaluations on how i t  
muld make use of these services. hidim has determined that the current 5.15 
MHz of spectrum available for Iridium is imufficient for providing borb satellite 
and ATC wrvices in B tommercially viable manner, As Shown abov~, Iridium is 
experiencing spectrum congestion in a variky of areas without ATC capabilities. 
The added functionality inherent in ATC services cannot be realized in the same r > v .  --. -, 
5.15 MHz already congested with MSS tra€firs. :,:.! 

,i,C - -A' IF, : . 

I, - - . . ,  
_I..:I tC. ,' $!' .,,.:.; 
*p$ ; ... 1. 

At least 10 MHZ of spectrum is ncrxssary to offer MSS an 
terrestrial seervice because the provisim~ of ATC q u k S  significant 
satellitdkmtrial coordin&on md places additional &man& upon the avaihble 
spectrum. First, the deployment of a terrestrial netwok in the same s p m  as 
the satellite system will cause additional intcdmnce from the mud base 
stations to the end user handsets. Harttlful self-interference wvjll be extremely 
problematic without suffident spectrum to ensure pmpcr frequency cmrdhation 
between terrestrial bax stations and end u&w handsets, Second, any MSS 
provider with significant MSS system loading will be unable ta provide a viable 
satelliWATC m i c e  without wmss tQ at least 10 MH2 of spectrum for system 
oprations as well cis for nemmk overhead. 
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Iridium’s constellation flexibility cam be leveraged to provide for highly efficient 
ATC owation in conjunttifih with the Iridium network. The Iridium pmtssing 
satellites provide a high level of flexibdity achieved by extensive on board 
s o f t w d f m w a m  The satellite canctdation consists of 66 operational satditees 
arranged in 6 orbital planes of 1 1  satellites. Each satelhte supports four way 
cross-linking, allowing continuous communications with each satellite neighbor. 
h e  ground control system and the communicatlom gateway. Each satellite 
continuously communicates with all satellite neighbors IO ensue proper 
frequency coordination in orbit, w a g e  proper subscriber satellite handoff and to 
ensure s e d e s s  p u n d  coverage is maintained, 

The Iridium ATC system could be a ternstrid system fully integrated with this 
existing satellite constellation. A central Network Muageant function could 
c~ordinate allomion of system remums and allow for efficient M c l g  of uplink 
frequency bands- While there ut several approaches involving ~ y h g  levels of 
system inception, all include utilizing she Lridiurn uplink band at 1.6 GHz for 
both the smllibe and ATC segments. Augmented satellite functionality would 
add terrestrial segmnts into the dynamic uplink band s h ~ g  opemtiotl to 
Codiinate satellitdtemstrial frequency assignments and efficiently allocate t h  
needed bandwidth between the satellite md terrestrial segments, I n  addition, 
enhancd system functionality would add ATC b w  stations to satellite near- 
neighbars and employ Iridium gateway (or telemtty, tracking and command plus 
PSTN as communicati0ns infrasmctw) to pmvide ntar-ncigbr 
comunicaiiocla bettween the sawllitu and ATC components, 

hidim technically could pmvide the end user with B mobile hmdheld terminal 
that would operak in multi-mode fashion, allowing the user access ta the satellite 
and terresuial portions of the system with a single phow Depending on available 
signal strength, capacity resources, and uBer preference, the phone mcUm 
Network Management would rnake dccishns about whether to serve the user by 
the satellite or terratiid portion of the sptem. 

fridiurn would te in a position to offer Emstrid conntCtiViCy while mnthuing to 
provide mobile satellite -ices with sufficient additional spsctmm at either the 
1.6 GHz or 2-4 GHz band. 

Additional sptrurn at 2,4 GHz would provide Iridium paired spectrum, The 
availability of p a i d  spectrum would @t Iridium morc flexibility in signding 
and result in more efficieat spectrum use. For example, in the future, Iridium 
could downlink its satellite signal with 2.4 GHz specmrn and thus allowing for 
only interfemm and timing mediation for the 1,6 GHz band for the uplink 
path. Additionally, additional spectrum at L4 GH2 would permit indepenknt 
timing in the terrestrial network becauge voicddata could be sent and received at 
the same time due to fquency separation h e e n  the 1,6 GHz bmd md 2.4 
GHz band, 
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Additional spactmm at 1.6 GH2 only, cm be supported by utilizing B t h e  
division duplex approach as a portion of the system approach to prevent channel 
interference within the single Mock of spectrum availabblc for the signal u p l d  
and downlink, Tday ,  thc Iridium system m a g s  a cross-linked network of 66 
satellites continuously coordinating 48 spot beams per saMite alo~g with the 
many spot beams of e*h adjacent satellites moving with relative s@s up to 
32,000 miles per hour. The efficient handling of tkse  challengiag conditions 
required the lrjdiurn system design to be extremely capable and flmible, ., I ,  I 

m .  I . . .  
Levernpg this inherent system flexibility, Iridium cm incorporate effective and 
spectrally eflicimt , .  ATC services as long &s it 15 provided sufficient sp=mrn. 
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